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IntrodutionACP = �(Bs ! �+X)� �(Bs ! ��X)�(Bs ! �+X) + �(Bs ! ��X)� �(Bs ! �+X) produed in pp ollisions as Bs and osillates toBs ! �+X� If nature was CP symmetri ACP = 0� CP asymmetry well established in K0 and B0 systems� CP asymmetry has never been observed in Bs, but has notbeen well probed
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The CKM Matrix�������� Vud Vus VubVd Vs VbVtd Vts Vtb
�������� =
0BB� 1� �2=2 � A�3(�� i�)�� 1� �2=2 A�2A�3(1� �� i�) �A�2 1
1CCA+O(�4)

� Vts ontains a omplex phase at O(�4) (-s1223s13eiÆ)� Mixing frequenies are well measured; CP violation in B0 hasbeen measured at B fatories� We an measure CP violation in B0s
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B Mixing� B0 and Bs an mix and deay as the harge-onjugate of thehadronized partile via box diagrams� Due to its mass the top quark dominates
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Bs Mixing Measurement� In 2006 D0 reported the �rst bound on the Bs mixingfrequeny� Later CDF observedBs osillations andmeasured jVtsj withhigh experimentalpreision� Only the magnitudeof Vts is determinedby the frequeny
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Motivation� Standard Model(SM) plus existing measurements predits CPviolation in BB mixing at 10�3� A measurement larger than this ould indiate new physis� In 2006 D;made �rsthigh preisionmeasurement� This analysis hasa omplimentaryapproah
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B prodution� Tevatron bb prodution has a large ross-setion (� 50 �b, 1 �bis reonstrutable)� b quarks form B0, Bs, B+ mesons as well as baryons� Inelasti bakgroundhas a ross-setion103 larger thanbb prodution
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Data Sample and Strategy
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Same sign muon pairs� Same sign muon pairs are enrihed in BB mixing deays� The asymmetry of dimuons from BB is an inlusivemeasurement of CP violating asymmetry

ACP = N(bb! �+�+X)�N(bb! ����X)N(bb! �+�+X) +N(bb! ����X)= N++ �N��N++ +N��

� Inlusive approah is omplementary to exlusive CP violationmeasurements
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Same sign muon pairs� Example of b deays produing SS muons{ Diret - b! B� ! ��X{ Mixed - b! B0s ! B0s ! ��X� Wrong sign also produed by sequential deays(b! B ! DX ! �+X)� Correting for sequential deays results in a 100% mixed sample� Allows SS dimuons from BB to probe B0 and B0s mixing
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Analysis Strategy� Start with sample of 2 high purity triggered muons withPT > 3 GeV� Determine the fration of same-sign muon pairs oming from Bhadron deays by �tting both trak impat parameters� Minimize assumptionsabout ontributions� Muons ome also from{  deays{ prompt soures{ fakesNote: We use an unsignedimpat parameter (d0)
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Analysis Strategy� Corret the Araw for ontribution of fake muons in BB{ �(K+) < �(K�){ More K+ fake muon� Measure asymmetries introdued by detetor or trigger

� Rely on{ Traking{ � reonstrution{ Silion Vertex
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CDF Trigger system� Beam bunh rossing rate is 2.5 MHz.� Writing 150 Hz to tape requires a 99.994% real-time rateredution.� Three level trigger systemattempts to selet the mostinteresting physis events:{ Level 1 redues rate to 25 kHz{ Level 2 redues rate to 900 Hz{ Level 3 redues rate to 150 Hz� 80% of triggers are trak based
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Sample Composition� Using 1.6 fb�1 of data, we �nd 1.1 million opposite-sign andsame-sign muon pairs (� 50 % bb){ Some basi analysis uts on traking and muon ID quality{ Rejeting osmi rays{ Rejeting events where both muons ome from the same b
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� Mass RegionDimuons from � deays were removed from OS events and used tomodel prompt events
Invariant Mass in Upsilon Region (GeV)
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Fitting the BB Fration
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Determining the BB Fration� Isolate same-sign dimuons originating from B hadron deays byexploiting their longer lifetime and larger average trak impatparameter (d0)� Real and fake muonsan ome from thefollowing soures:{ b{ { prompt
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Determining BB Fration

)0(dσ/0d
0 10 20 30 40 50 60

N
u

m
b

er
 o

f 
E

ve
n

ts

10

210

310

1D Impact Parameter Significance for B decays

Monte Carlo

)0(dσ/0d
0 10 20 30 40 50 60

N
u

m
b

er
 o

f 
E

ve
n

ts

1

10

210

310

1D Impact Parameter Significance for Prompt decays

Monte Carlo

� Create d0/�(d0) templates of dimuon ontributing proesses� Validate a negative log likelihood �tter to analyze ++ and ��data with the templates separately� Use a 2 dimensional d0/�(d0) �t of data to signal andbakground templates
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Fitting for BB ompostion� BB hadron pairs where both deay to a muon (BB).� one real muon(prompt or from C), and one K or �reonstruted as a muon or two fake muons(PP and CC).� a muon from a semileptoniB deay is present anda prompt muon of the sameharge is found(BP ).
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Table 1: Fit results. All numbers listed in perent.

omponent opposite sign (OS) same-sign (++) same-sign (��)PP 21.29 � 0.17 28.58 � 0.28 25.21 � 0.30BB 42.90 � 0.19 45.31 � 0.32 50.42 � 0.35BP 6.78 � 0.28 16.95 � 0.48 17.66 � 0.53CC 29.03 � 0.38 9.16 � 0.64 6.71 � 0.70# BB 281,252 106,519 103,143

Araw = 0:0146� 0:0049
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�+�+ �t 1D projetions: x-proj(log sale) and y-proj(linear)
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Robustness of Fit� A number of �ts were also performed varying the defaulton�guration� Template shape was the primary onern� Constraints, extra ontributions, and subsamples of the datawere also examined� Results were found to be onsistent with the default asymmetry� A �tting systemati unertainty of 0.002 was assesed

Christopher Marino 22



ACP in semileptoni B deays'
&

$
%

Corretions to Asymmetry of IsolatedBB Sample
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Asymmetry Corretions� Some dimuon pairs identi�ed as BB will atually be B ! hwhere h = �;K fakes a muon� K+ ! � 6= K� ! �� Adjust ++ and �� totals for asymmetri fake muons{ Measure muon fake rates for hadrons{ Determine hadron to muon normalization{ Subtrat BB dimuon pairs ontaining fakes� Corret the raw asymmetry for any detetor e�ets� Corret the raw asymmetry for any trigger bias
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Detetor and trigger asymmetries� Sine we expet an unertainty at the sub-perent level, weexamine possible experimental asymmetry ontributions� Trigger asymmetry for our kinemati range measured usingJ= ! �+�� deays� +/� reonstrutionin traking hamberfound to be symmetri
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Detetor and trigger asymmetries� Several million muon MC events determine the geometrialdetetor aeptane orretion� Examined +/� muons withone missed hit to on�rmsymmetri reonstrutionin the muon hamber� We orret for measuredasymmetries and assesssystematis unertainties
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Fake Muon Asymmetry� Fake ontributions ome from b! B ! KX, where K fakes �� Analyze D� events to identify K and � traksD� ! D0�D0 ! K�� D0 sample fromtraking only
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Kaon fake asymmetry� Measure � fake rate for K+, K�, �+, and ��� Fit D0 for all K+ meet the kinemati requirements in theanalysis� Use signal shape to �t D0 for all K+ reonstruted as muons
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Correted asymmetry� The proportion of K/� (and �/�) prodution in bb deays wasmeasured in MC� We �nd 7382 ++ fake pairs and 5130 �� fake pairs� Removing these from the BB totals give A = 0:00413� Correting again for the detetor aeptane and triggereÆieny� Aorr = 0:00439� 0:00488(stat:)
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Systematis Table 2: Systemati UnertaintiesSoure of Unertainty ÆAFake muon orr. 0.00280Trigger eÆieny orr. 0.00118Detetor aeptane orr. 0.00072Fitting Unertainty 0.00200Total 0.00371
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Results
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ASL, orreting for sequentials� We measure ABB = 0:0044� 0:0049(stat)� 0:0037(syst)� Must orret for fration of symmetri bakgrounds(f = 0:115� 0:015)
ASL = N++ �N��(N++ +N��)(1� f)2

� Applied to ABB gives the BB semileptoni asymmetry� A��SL = 0:0056� 0:0062(stat)� 0:0047(syst)� This is diretly omparable to the D; measurement:A��SL = �0:0092� 0:0044(stat)� 0:0032(syst)[hep-ex/0702030v1℄
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AsSL and �s� A��SL an then be related to the Vts phase angle �s� A��SL = AdSL + fsZsfdZdAsSL� World-average fsZs/fdZd = 0:70� 0:07(syst)� 0:10(PDG)� From the B fatories, AdSL = �0:0047� 0:0046� AsSL = 0:0148� 0:0089(stat)� 0:0068(syst)� 0:0069(inputs)� We an then use the relation AsSL = ��s�Ms tan�s to extrat anallowed ontour in the (�s,��s) plane� Using �Ms = 17:8� 0:1 ps�1 from CDF mixing measurementgives ...
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Figure 1: This result shown in the �s-��s plane. The lines representthe entral value, the green region is the 68% allowed ontour.
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UnoÆal Average of AsSL

D0 same-sign µµ (1 fb-1)
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Summary� Dimuon events are enrihed in BB deays involving neutral Bmixing� We extrat the B events by �tting eah muon's impatparameter� Corretions are made for detetor and trigger e�ets as well ashadrons faking muons� A��SL = 0:0056� 0:0062(stat)� 0:0047(syst)� This result ontributes to our understanding of CP violationand the Bs mixing phase
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Bakup Slides
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Detetor asymmetry� The harge and trak of the muon are determined by thetraking hamber� Exellent muon stub and trak mathing means the onlysigni�ant asymmetry isfrom the aeptane ofthe CMP muon hambers
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Fit-less Asymmetry� Both muons have an impat parameter signi�ane greaterthan 10 �� Calulate this sample to be about 90% BB� 8291 ++ pairs� 8059 �� pairs� A : 0:0142� 0:0078 (unorreted)� Compare to Araw from �tter 0:0146� 0:0049
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Table 3: Fake Muon Corretion Cases and WeightsCase CMUP CMUP Corr. P(B ! X) P(B ! X) Total�+�+ 0.5898 0.5898 0.39 0.1596 0.1596 85251�+K+ 0.5898 0.00609 0.45 0.1596 0.2586 1651�+�+ 0.5898 0.00243 0.45 0.1596 0.5818 1482�+�� 0.5898 0.5898 0.61 0.1596 0.1596 134043�+K� 0.5898 0.004 0.55 0.1596 0.2586 1325�+�� 0.5898 0.00181 0.55 0.1596 0.5818 1349
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Figure 2: Combined results in the �s-��s plane.
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Figure 3: (a)Projetion of d0 data and (b) distribution of d0 errorfor SS and OS pairs passing analysis uts
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